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Concatenate Interrupt Signals

Now, you complete the input connections to the Concat IP. The Concat IP is used to
concatenate the interrupt signal generated from the AXI Timer and the AXI Uartlite.

1. First, connect the interrupt port of the AXI Timer to the input port In0[0:0] of Concat.

2. Connect the interrupt port of AXI Uartlite to the input port In1[0:0] of Concat. The
connections should look like Figure 113.

Figure 113: Connected Interrupt Ports

3. Add an AXI BRAM Controller and a Block Memory Generator IP by right-clicking the IP
integrator canvas, and typing the names in the IP Catalog Search box (Figure 114 and

Figure 115).

Figure 114: AXI BRAM Controller

Figure 115: Block Memory Controller
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Double-click the Block Memory Generator (Figure 116).
Ensure that Mode is set to BRAM Controller.

Set the Memory Type to True Dual Port RAM.

Click OK.

N o vk

-

1F Re-customize IP

Block Memory Generator (8.0)

-E

‘ﬂ Documentation [ IP Location

IP Symbol | Power Estimation Component Name |mb_subsystem_blk_mem_gen_1_2
[ showr disabled ports Basic | Port A Options | Port B Options | Other Options | Summary
- -
Mode BRAM Controller v Generate address interface with 32 bits

Memory Type | True Dual Port RAM  ~ Common Clock

ECC Options

ECC Type No ECC

Error Injection Pins | Single Bit Error Injection

Il =BRAM_PORTA
||| s=BRAM_PORTB

Write Enable

m

Byte Write Enable

Byte Size (bits) | 8

Algorithm Options

Defines the algorithm used to concatenate the block RAM primitives.
Refer datasheet for more information.

Algorithm | Minimum Area

Primitive | 8kx2

4 [ )

Figure 116: Block Memory Generator

8. Connect BRAM_PORTA of the Block Memory Generator to BRAM_PORTA of the AXI BRAM
Controller.

9. Connect BRAM_PORTB of the Block Memory Generator to BRAM_PORTB of the AXI BRAM
Controller.
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Review the results shown in Figure 117.

blk_mem_gen_1

[l|>Bram_porTA
||| %BRaM_rPoORTR

Block Memory Generator

axi_bram_ctrl_1

BRAM_PORTAS: |}

= i BRAM_PORTE i |||
_AXI_ARESETN

AXL BRAM Controller

Figure 117: Port Connections

10. Click Run Connection Automation, and select /mig_7series_1/S_AXI (Figure 118).

73, mb_subsystem »

(@& Designer Assistance available. Run Connection Automation

3 %mig_?series_lfS_A}(l
W /axi_bram_ctrl_1/S_AXI

Figure 118: mig_7series_1/S_AXI

The Run Connection Automation dialog box opens.
You have two choices at this point.

e First option is to select the Peripheral AXI Interconnect to connect to the MicroBlaze
processor.

e The second option is to choose the Cached AXI Interconnect to connect to the MicroBlaze
processor.
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11. From the pulldown menu, select the /microblaze_1(Cached) option, and click OK
(Figure 119).

¢ Run %Jnnection Automation @

| Connect a master interface to slave interface:
= fmig_7series_1/S_AXI

Master: | /microblaze_1 (Cached) =

/microblaze_1 (Periph)

Figure 119: /microblaze_1 (cached)

This instantiates another AXI Interconnect, and makes the appropriate connections between
the MIG and the MicroBlaze using the AXI Interconnect.

12. Click Run Connection Automation again to connect the BRAM Controller to the MicroBlaze
processor.

13. Select /axi_bram_ctrl_1/S_AXI (Figure 120).

73, mb_subsystem »

(& Designer Assistance available. Run Connection Automation

@ /pyi_bram_ctrl_1/S_AXI

Figure 120: axi_bram_ctrl_1/S_AXI

The option again presents you with two choices:

e The first is to connect the AXI BRAM Controller to the MicroBlaze processor using
the Peripheral AXI Interconnect.

e The second is to use a different AXI Interconnect to connect to the MicroBlaze
processor in cached mode.

14. From the pulldown menu, select the /microblaze_1(Cached) option, and click OK.
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Connect MIG Input and Reset Ports

The only connections you need to make now are the input clock and reset ports of the MIG. To
do so:

1. Select the + sign on the SYS_CLK port.
This should show the two ports sys_clk_p and sys_clk_n that make the SYS_CLK interface.
2. Select the sys_clk_p port, right-click, and select Create Port (Figure 121).

mig_7/series_1

-~
"
” = SYS_CLK
ui
—  Psys ckp
= @ Block Interface Properties... Ctrl+E
Delete n
- @ Copy Ctrl+C
CrlV | see
init_ci
o & Select Al Ctrl+A
£ AddIp. Ctrl+I
°x  Make External Ctrl+T
Start Connection Mode Ctrl+H ’r|eS

Create Hierarchy...
Create Comment
Create Po[%. Ctrl+K

£ 0xCo000000[ 4 Create Interface Port... Ctri+L

cicn> at 0xCO00

Save as PDF File...
nb_subaystem/mb 3 g

2ma 1 wlmamess i Teal

Figure 121: Create Port Option

TIP: Make sure that you have selected the port when you create a new port. This ensures that the
new port connects to the selected port. Alternately, you can create a port independently and
manually create the connection to the pin.
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The Create Port dialog box opens, (Figure 122).

#L Create Port 53

[0} Create port and connect it to selected pins and ports

Port name: sys_clk_p

Direction: Input =

Type: Clock -

[] create vector: from 31| to (i

Frequency (MHz): | 200

Connect to 'sys_clk_p' selected pin

Figure 122: Create Port Dialog Box

Ensure that:

e The Port Name is sys_clk_p.

e Direction is Input

Change the Type to Clock.

Specify the Frequency (MHz) as 200.

Leave the Connect to sys_clk_p selected pin checked.

Create ports for sys_clk_n and sys_rst following the same steps.

Select the DDR3 port of the MIG; right-click it, and select Make External.

Connect the areset n port of the MIG to the peripheral aresetn port of the Proc Sys
Rst IP.
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10. In the IP integrator tool, click the Regenerate % button. The IP integrator canvas looks like
Figure 123.

| 2= Diagram x | @ Address Editor x| O x

#[| 44, mb_subsystem »

il
I3

L B R A PN

Figure 123: Regenerate IP Integrator View

Step 3: Create Constraints

To complete the IP integrator design, you must create constraints.

1. In the Flow Navigator, go to the Project Manager (Figure 124).

I mb_ipi_tutorial - [C;/tutorials/mb_ipi_tutorial/mb_ipi_tutorial xpr] - Vivado 2013.1

File Edit Flow Tools Window Layout View Help

AR o REB X PP NS X L (G |5 Default Layout v K| &

Flow Navigator « | Project Manager - mb_ipi_tutorial

QA = & ﬁ o Cl L AX

- E:_; r_‘g ? | =

5 Project Settings
&% Add Sources
1F IP Catalog

| =@ Design Sources (1)
| (#-# mb_subsystem (mb_subsystem.bd) (17

. , Constraints (1’
|5 Simulation Sources (1

4 IP Integrator [}

7% Create Block Design

Figure 124: Project Mangager
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2. Open the Constraints folder.
3. Right-click the constrs_1 folder, then select Edit Constraints Set (Figure 125).

| Project Manager - mb_ipi_tutorial

Sources O
eI
[=& Design Sources (1)

- & mb_subsystem (mb_subsystem.bd) (17)
I:T:‘-i.-__.‘ Constraints (1)

T
*

i B |

H ‘m
[FEHE Simulation Sou

&

Constraint Set Properties... Ctrl+E

Hierarchy Update 4
@ Refresh Hierarchy

ake ACTive

‘ Edit qugnstraints Sets... ‘
Edit Simulation Sets...

IP Sourd &% Add Sources... Alt+A

b Sources | 7 Templates | H

Figure 125: Edit Constraints Set Option

The Edit Constraints Sets dialog box opens.
4. Click Create File (Figure 126).

-

#. Edit Constraints Sets [&=]
@ Add or modify a constraints set

Specify constraint set: | & constrs_1 (active) -

Constraint File  Location

Add Files... l [ Create File... ]

Copy constraints files into project

’ OK l ’ Cancel

Figure 126: Edit Constraints Set Dialog Box
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5. Name the file, and click OK (Figure 127).

-

¢’ Create Constraints File Lx |

| Create a new constraints file and add it to your project

File type, name and location
File type: 5 XDC -
File name: | system

File location: | &0 <Local to Project> -

Figure 127: Name Constraint Set File

6. Click OK.
7. Expand the constrs 1 folder and double-click the constraints file.

The file specifies the local constraints for some of the ports created in the block diagram
(Figure 128).

Project Manager - mb_ipi_tutorial

Sources O
A== wat R

[ZHz> Design Sources (1)

. [}-4% mb_subsystem (mb_subsystem.bd) (17)
=+ Constraints (1)

H %m-_ ronetre q

88 system.xdc
[ SimaaueT SouTees 1)

T
*

Hierarchy | IP Sources | Libraries | Compile Order

£t Sources | 7 Templates

Figure 128: Local Constraints File
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8. In the constraints file, add the following lines of code for the KC705 board with the Kintex-7
FPGA.

set property LOC AD11 [ get ports sys clk n]

set property IOSTANDARD DIFF SSTL15 [ get ports sys clk n]
set property LOC AD12 [ get ports sys clk p]

set property IOSTANDARD DIFF SSTL15 [ get ports sys clk p]
set property LOC AB7 [ get ports sys rst]

set property IOSTANDARD LVCMOS15 [ get ports sys rst]

set property LOC M19 [ get ports RX]

# additional constraints

#

create clock -name sys clk pin -period "5.0" [get ports "sys clk p"]
# Added for RevC board

set property slave banks {32 34} [get iobanks 33]

TIP: You might have noticed that the constraints for the RS232_Uart port are not included in the

O above constraints file. That is because Vivado automatically generates the appropriate constraints
for those ports because you selected the target board as the KC705 board. This is the board
automation feature of the Vivado IDE IP integrator that you can use to hook up ports such as clocks,
resets, GPIOS, and UART to the pins on the target board.

9. Save the file by either clicking the Ctrl+S keys, or use the File > File Save menu.
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Step 4: Memory Mapping the Peripherals in IP Integrator

Step 4: Memory Mapping the Peripherals in IP

Integrator

1.
design (Figure 128).

In the Project Manager, double-click the design name under Design Sources to open the

| Block Design - mb_subsystem *

Figure 129: Design Name and Address Editor Location

2. Click the Address Editor tab.
3.

a. Expand the MicroBlaze IP.
b.

change the address and range of the IP.
C.

512 MB (Figure 130).

___EuDiqg_ram x | 5 Address Editor X | ) system.xdc X |

Sources — O 12 % || i Diagram x & Address Editor X system.xdc X
Q= == |§] #| 5% mb_subsystem »
B-"' Necinn Sn ac (11 C)Nt
BN mb_subsystem (mb_subsystem.bd) (17) i
e 3
. = constrs_1 &
' “Hy system.xdc 5

In the Address Editor, map any unmapped devices by doing the following:

Right-click the Unmapped Slaves folder, and select Auto Assign Address. You can also

Change the range of mig 7 series IP in both the Data and the Instruction section to

A cell Base Name  Offset Address Range
(=51
|5 {F /microblaze_1
2| [ E Data
= /mig_7series_1 memaddr 0x80000000 512M
B = /microblaze_1_axi_intc Reg 0x41200000 64K
= /microblaze_1_local_memory/dimb_b... Mem 0x00000000 64K
= [axi_timer_1 Reg 0x41C00000 64K
= [axi_uartlite_1 Reg 0x40600000 64K
= [axi_bram_ctrl_1 Mem0 0xC0000000 4K
=HE Instruction
0x80000000 | FHITY
= /microblaze_1_local_memory/ilmb_br... Mem 0x00000000 32M Ly
= faxi_bram_ctrl_1 Mem0 0xC0000000 64M
128M
256M
.= -
16 |
2G v
6 g

Figure 130: Data and Instruction Set to 512 MB
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High Address

0X9FFFFFFF
0x4120FFFF
0x0000FFFF
0x41COFFFF
0x4060FFFF
0xCO000FFF

0X9FFFFFFF

0x0000FFFF
0xCO000FFF
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4. Save your design.

You must also ensure that the memory in which you are going to run and store your
software is within in the cacheable address range that you specified when you assigned
values to the cache(s) Base address and cache(s) High address.

This occurs when you enable Instruction Cache and Data Cache, and upon re-configuring the
MicroBlaze processor.

To use either MIG DDR or AXI block RAM, those IP must be in the cacheable area; otherwise,
the MicroBlaze processor cannot read or write to or from them.

You can also use this map to manually include or exclude IP from the cacheable region or
otherwise specify their address.

You can also use this map to manually include or exclude IP from the cacheable region or
otherwise specify their address.

Step 5: Creating a Top-Level Verilog Wrapper

1. Go to the Project Manager.
2. Under Design Sources, right-click your design and click Create HDL Wrapper (Figure 131).

Flow Navigator ks Block Design - mb_subsystem *

M A pig

o S — | Sources i I ¢

A= 2t B
—Hz7 Design Sources (1)
=Y mb_subsystem i
— » Constraints (1) = Source Node Properties...

4 Project Manager
ff:’; Project Settings
% Add Sources

1F 1P catalog —|&= constrs_1 }
: - B
: 4 systemade | Open File
4 1P Integrator +H= Simulation Sources

;i Create Block Design
5% Open Block Design

4 Simulation
{5 simulation Settings
() Run Simulation
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Generate Output Products...
Reset Output Products...
Export Hardware for SDK...
Package Block Design...

Figure 131: Create HDL Wrapper
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Step 6: Take the design through implementation

In the Flow Navigator:
1. Click Run Synthesis.
2. Click Run Implementation.

3. Click Generate Bitstream

Step 7: Exporting the design to SDK

Next, open the design and export to SDK.
1. Select File > Export > Export Hardware for SDK.
2. In the Export to Hardware dialog box, click to select the Launch SDK check box (Figure 132).

¢ Export Hardware for SDK 23

[0] Export hardware platform for SDK.

Options

Source: %, mb_subsystem.bd -
Export to: |50 <Local to Project> -
Workspace: | & <Local to Project> -

| Export Hardware
| Include bitstream (MNote: an implemented design m...

| Launch SDK

’ OK ]| Cancel |

Figure 132: Export to Hardware Dialog Box

CAUTION! If you get an error message stating Failed to run “export hardware”
for design. Make sure that you open the block diagram by double-clicking the IP integrator
design from the Sources Pane.

3. Specify the workspace to which you want to export your hardware design. If you do not
specify the workspace, your project exports to:
<project name>.sdk/SDK/SDK Export/ You can leave this field to its default state.

4. Click OK. SDK launches in a separate window.

Before using SDK to build and debug the design, it is important to start the hardware server
(hw_server) application that SDK uses to communicate with the MicroBlaze processor.

5. To start the SDK hardware server, open a cmd prompt and type:
C:\Xilinx\Vivado\2013.1\bin\hw_server
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You see the following message in the cmd prompt window (Figure 133).

@8 C:\Windows\system32\cmd.exe - c\xilinx\vivado\2013.1\bin\hw_server

Microsoft Windows [Uersion 6.1.7601]
Copyright (c) 2009 Microsoft Corporation. All rights reserved.

C:\Users\ndutta>c:\xilinx\vivado\2013.1\bin\hw_server
xxxxxx Xilinx hw_server uz013.1.0

=x%x% Build date = Feb 14 2013-87:10:52

INFO: hw_server application started
INFO: Use Ctrl-C to exit hw_server application

*% Copyright 1986-1999, 2001-2013 Xilinx, Inc. All Rights Reserved.

m| »

Figure 133: hw_server Application Started

Step 8: Configuring FreeRTOS

1.

In SDK, select Xilinx Tools > Repositories (Figure 134).

F
.

Run Project | Xilinx Tools | Window Help

v @ ~ 35| Bl Generate linker script
| . Board Support Package Settings
1 =

L Repct;;traries

form_0 Ha| 22 Pprogram FPGA
B Program Flash

B Launch Hardware Server
1A Device: 7k3 @ XMD Console
ated With: Viv E1 Launch Shell
‘eated On: Tue 3§ Configure JTAG Settings
#  System Generator Co-Debug Settings
lap for proces| P} (Create Zyng Boot Image

ormation

Figure 134: Xilinx Tools Repositories
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2. Click New next to the local repository box to add a new local repository (Figure 135).

The freeRTOS repository is in the path <design path> /sysrtos/lib.

Flash Programminc Global Repositories (available across workspaces)

Preferences ?@

type filter text Add, remove or change the order of SDK's software repositories. M A
» General Local Repositories (available to the current workspace)

» C/C++

> Help New.

» Install/Update -

> Remote Systems femove

> Run/Debug Up

> Team

Terminal oown
2 Xiliny SDK
Boot Image

Hardware Specific: New.
Log Information Le
Repositories nemove
Target Manager Up
XMD Startup
Down
SDK Installation Repositories
cAXilindSDKV2013. 1\ swA by
cAXilindSDK2013.DswA XilinkProcessorlPLIDY,
cAXilinASDK\2013.1\sw\ThirdParty\,
Rescan Repositories
Mote: Local repository settings take precedence over global repository settings.
P e T— > Restore Defaults] l Apply ]
® I oK I I Cancel

Figure 135: SDK Preferences Page

3. Add the path and re-scan the repositories.
4. Click Apply and OK.
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10. Download the freeRTOS “Hello World” progam ELF file of by typing:

XMD% dow
project name.sdk/SDK/SDK_Export/hello world/Debug/hellow world.elf

11. Run the program using the run command.

XMD% run

The output displays in the Terminal tab as shown in (Figure 145):

[E Console ¥ Tasks & Terminal 1 &2 . 7 Problems| & Executables

Berial: (COM1, 9600, 8, 1, None, None - CONNECTED) - Encoding: (ISO-8859-1)
Main started

KQueueCreated done

kTaskCreate done

Hello from prvQueueReceiveTask

e S T T T T LT T T P e

Hello from prvQueueSendTask
i 2 3 i e ok i 3 25 0 i 0 i R K R 0 i 0 o R R R R K

Hello from prvQueueReceiveTask
EEEES ST E S S

Hello from prvQueueSendTask
e S T T T T LT T T P e
e have demonstrated the scheduling of task in freeRTOS ...
exiting from prvQueueSendTask ...
Good Bye

Figure 145: Terminal Tab

Conclusion

In this tutorial, you have:

e Stitched together a moderately complex design in the Vivado IDE IP integrator tool
e Taken the design through implementation and bitstream generation

e Exported the hardware to SDK

e Created and modified an application code that runs on a Real Time Operating System.
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